Abstract Purpose: SIRT1 (silent mating-type information regulation 2 homologue 1) expression has been reported to predict poor survival in some cancers.We therefore investigated the expression levels of SIRT1 and its negative regulator, DBC1 (deleted in breast cancer 1), in gastric cancer patients. Experimental Design: We evaluated immunohistochemical expression of DBC1, SIRT1, and p53 using 3-mm tumor cores from 177 gastric cancer patients for tissue microarray. Results: Positive expressions of DBC1 and SIRT1 were seen in 62% (109 of 177) and in 73% (130 of 177) of patients, respectively. Expression of DBC1was significantly correlated with tumor stage (P = 0.007), lymph node metastasis (P < 0.001), tumor invasion (P = 0.001), venous invasion (P = 0.001), histologic types (P < 0.001), p53 expression (P < 0.001), and SIRT1 expression (P < 0.001). SIRT1 expression was also significantly correlated with tumor stage (P < 0.001), lymph node metastasis (P < 0.001), tumor invasion (P < 0.001), histologic types (P < 0.001), and p53 expression (P = 0.001). In addition, expression of DBC1 was significantly associated with shorter overall survival and relapse-free survival by univariate analysis (P < 0.001 and P < 0.001, respectively). SIRT1 expression was also significantly associated with shorter overall survival and relapse-free survival by univariate analysis (P = 0.001 and P = 0.001, respectively). Multivariate analysis showed that tumor stage and expression of DBC1 were independent prognostic factors significantly associated with overall survival and relapse-free survival. Conclusion: This study shows that expression of DBC1 and SIRT1 is a significant prognostic indicator for gastric carcinoma patients.
SIRT1 (silent mating-type information regulation 2 homologue 1) is the closest mammalian homologue of yeast Sir2, which functions as an NAD + -dependent histone deacetylase and belongs to the class III histone deacetylases (1 -3) . SIRT1 plays an important role in cell survival under genotoxic and oxidative stress through deacetylation of key cell cycle molecules and apoptosis regulatory proteins, including p53 (4, 5) , FOXO family proteins (6), nuclear factor nB (7), and Ku70 (8) . Recent reports have revealed that SIRT1 is up-regulated in various human and mouse malignant tumors (9 -12) , and it has been suggested that SIRT1 may be involved in tumorigenesis through its antiapoptotic activity (13) . Upregulated SIRT1 inactivates p53 by deacetylation (12, 14) , and this allows cells to proliferate in the presence of damaged DNA and subsequently promotes tumor progression (12, 14, 15) . Recently, we have reported that a high proportion (74%) of diffuse large B-cell lymphomas express SIRT1 and that is associated with poor prognosis of diffuse large B-cell lymphoma, suggesting that SIRT1 is involved in the development and progression of diffuse large B-cell lymphoma (16) . In addition, it has been suggested that SIRT1 may be involved in the development of malignant tumors, including human intraepidermal cancer (9) , human breast cancer (10) , human colon cancer (10) , human prostate cancer (11) , mouse pulmonary adenocarcinoma (12) , mouse sarcoma (12) , and mouse lymphoma (12) .
Recent studies have shown that SIRT1 is negatively regulated by DBC1 (deleted in breast cancer 1; refs. 17, 18) . DBC1 was initially cloned from a region 8p21 that was homozygously deleted in breast cancer (19) . DBC1 specifically inhibits the deacetylation activity of SIRT1 by directly binding to the catalytic domain of SIRT1 (17, 18) . However, despite the possible role of DBC1 as a tumor suppressor, recent gene microarray data in the Oncomine database of published cancer microarray data 6 indicate that many human malignant tumors show increased expression of DBC1 compared with normal counterpart cells (20 -23) .
Gastric carcinoma is one of the most common carcinomas in the world. Although its incidence has been declining, it remains the second leading cause of cancer death worldwide (24 -26) . However, the clinical relevance of the expression of SIRT1 and DBC1 in gastric carcinomas has not been reported previously. In this study, we have used immunohistochemical staining to examine the prevalence and prognostic impact of SIRT1 and DBC1 expression in gastric carcinoma patients.
Materials and Methods
Patients and samples. Six hundred forty-three cases of gastric carcinoma patients who had radical gastrectomy in Chonbuk National University Hospital between January 1997 and December 2005 were included in the present study. To minimize confounding effects, we conducted a matching process. All of the patients who were in stage IV (n = 50) with complete clinical information were incorporated in this analysis. Pathologic staging was reviewed based on the tumor node metastasis (TNM) staging system of the American Joint Committee on Cancer (27) . Thereafter, patients who were in stage I, II, or III were matched with them on the following variables: gender, age (F2 y), and calendar year of surgery (F2 y). Among the 200 selected cases of gastric cancer, paraffin-embedded tissue blocks from 23 cases were unavailable. Therefore, 177 cases of gastric cancer were included in the present study. In addition, 10 cases of noncancerous gastric mucosa were also included for the evaluation of the DBC1 and SIRT1 expression in the noncancerous gastric mucosa. All of the cases were reviewed and reclassified according to the criteria of the WHO classification (28) . This study had local ethics committee approval from the institutional review board of Chonbuk National University Hospital. Informed consent was provided according to the Declaration of Helsinki. The patients were grouped according to their age, sex, serum carcinoembryonic antigen (CEA) levels, serum CA19-9 levels, stage (I and II versus III and IV), presence of lymph node metastasis, presence of distant metastasis, presence of venous invasion, histologic types by WHO classification, histologic grade of tubular type carcinoma, Lauren classification, and tumor invasion (early gastric carcinoma versus advanced gastric carcinoma).
Immunohistochemical staining and scoring. Immunohistochemistry was done using 3.0-mm tumor cores for tissue microarray. One core per case was arrayed. The tissue sections were treated with a microwave antigen retrieval procedure in sodium citrate buffer for 12 min. The following markers were used: DBC1 (1:100; Bethyl Lab), SIRT1 (1:50; Santa Cruz Biotechnology; clone H-300), and p53 (1:50; Novocastra; clone DO-7). Immunohistochemical analysis was done by three authors (K.Y. Jang, E.J. Cha, and S.J. Noh) by consensus without knowledge of the clinicopathologic information. Each case was evaluated by estimating the percentages of tumor cells that stained positively for each marker. Immunostaining for DBC1, SIRT1, or p53 was considered positive if z30% of the tumor cells were stained with an antibody; a uniform cutoff of 30% was chosen because it had been used by ourselves and others evaluating tissue microarray material (16, 29) .
In situ hybridization. To determine the localization of EBV in gastric carcinomas, we did EBV-encoded small RNA in situ hybridization using a fluorescein-conjugated EBV probe for detection of EBVencoded small RNA transcripts (NCL-EBV-K, Novocastra). The negative control section was processed identical to the above, except that EBV probe solution was replaced by negative control probe solution provided in the kit. Specimen from a patient with known EBV-positive nasal natural killer/T-cell lymphoma was used as positive control.
Statistical analysis. The endpoints of interest were relapse-free survival and overall survival. The endpoint of follow-up was the date of the last contact or the date of death through March 2008. Overall survival was calculated as the time from diagnosis to the date of death or last contact. Patients who were alive at last contact were treated as censored for overall survival analysis. Relapse-free survival was calculated from the time of diagnosis to the date of recurrence, death, or last contact. Patients who were alive at last contact and who had not recurred were treated as censored for relapse-free survival analysis. The associations between staining index and other categorical factors potentially predictive of prognosis were analyzed using Pearson's m 2 test. Univariate, and multivariate Cox proportional hazards regression analysis was done to estimate the impact of clinicopathologic factors and expression of each marker on relapse-free survival and overall survival. Kaplan-Meier survival curves were constructed to further illustrate the impact of overall survival when indicated. SPSS software (version 15.0) was used throughout, and P < 0.05 was considered statistically significant.
Results
Association of DBC1 and SIRT1 expression with clinicopathologic characteristics of gastric carcinoma patients. The clinicopathologic features are summarized in Table 1 . Immunohistochemical staining of DBC1, SIRT1, and p53, and in situ hybridization for EBV-encoded small RNA in normal gastric mucosa and gastric carcinoma tissues are shown in Fig. 1 . Immunoreactivity for DBC1 and p53 was found primarily in the nuclei. Although SIRT1 was expressed in the nuclei and cytoplasm, we evaluated nuclear SIRT1
Translational Relevance
This is the first report that has examined the immunohistochemical expression and prognostic significance of DBC1 (deleted in breast cancer 1) in human malignant tumors and SIRT1 (silent mating-type information regulation 2 homologue1) in human gastric carcinoma.This study shows that (a) a high proportion of gastric carcinomas express DBC1and SIRT1; (b) expression of DBC1and SIRT1 is significantly associated with advanced clinicopathologic parameters such as an elevated serum level of carcinoembryonic antigen, an advanced clinical stage (stage III or IV), lymph node metastasis, and advanced tumor invasion; and (c) expression of DBC1and SIRT1is associated with a significantly shorter survival in gastric carcinoma patients. Taken together, our findings indicate that DBC1 and SIRT1 may be involved in the progression of gastric carcinomas and can be used as clinically significant prognostic indicators for gastric carcinoma patients. Moreover, DBC1 and SIRT1may also provide a target for a novel therapeutic approach for gastric carcinomas. expression only. In 10 cases of normal gastric mucosa, very weak nuclear staining was identified in two cases for DBC1 and three cases for SIRT1. However, strong expression of DBC1 or SIRT1 was not identified in the normal mucosa. All 10 normal cases were negative for p53 immunostaining and in situ hybridization for EBV-encoded small RNA. Positive expression of DBC1 was seen in 62% (109 of 177) and of SIRT1 in 73% (130 of 177) of gastric carcinoma patients. EBV infection was seen in 8% (14 of 177) of gastric carcinoma patients. Expression of DBC1 was significantly correlated with patient age (P = 0.025), serum CEA level (P < 0.001), tumor stage (P = 0.007), lymph node metastasis (P < 0.001), classification according to tumor invasion (P = 0.001), venous invasion (P = 0.001), histologic types (P < 0.001), p53 expression (P < 0.001), and SIRT1 expression (P < 0.001). SIRT1 expression was also significantly correlated with the age of patients (P = 0.01), serum CEA level (P = 0.018), tumor stage (P < 0.001), lymph node metastasis (P < 0.001), classification according to the tumor invasion (P < 0.001), histologic types (P < 0.001), and p53 expression (P = 0.001). There was no correlation between EBV infection and DBC1 or SIRT1 expression.
Expression of DBC1 and SIRT1 in gastric carcinoma correlates with reduced relapse-free survival and overall survival. Univaririate Cox proportional hazard analysis of the expression of each protein and its relationship to relapse-free survival and overall survival are shown in Table 2 . Elevated serum CEA and CA19-9, high TNM stage, the presence of lymph node metastasis, the presence of venous invasion, and advanced gastric carcinoma predicted shorter overall survival and relapse-free survival ( Fig. 2A) . Expression of DBC1 was significantly associated with shorter overall survival and relapse-free survival by univariate analysis (P < 0.001 and P < 0.001, respectively; Fig. 2B ). SIRT1 expression was also significantly associated with shorter overall survival and relapse-free survival by univariate analysis (P = 0.001 and P = 0.001, respectively; Fig. 2C ). However, the expression of p53 or EBV infection did not predict overall survival or relapse-free survival.
Expression of DBC1 in gastric carcinoma is an independent prognostic factor for disease recurrence and poor survival outcome. Multivariate analysis was done using 143 patients with complete information for all variables (Table 3) . Variables considered in the analysis were the serum level of CEA and CA19-9, tumor stage, presence of lymph node metastasis, tumor invasion (early gastric carcinoma versus advanced gastric carcinoma), venous invasion, EBV infection, DBC1 expression, and SIRT1 expression. From the multivariate analysis, only tumor stage and expression of DBC1 were independent prognostic factors significantly associated with overall survival and relapse-free survival. Patients with DBC1-expressing gastric carcinoma had a 3.334-fold [95% confidence interval (95% CI), 1.557-7.139] greater risk for death and a 4.180-fold (95% CI, 1.549-11.276) greater risk for recurrence of disease. However, SIRT1 was not an independent prognostic factor associated with overall survival and relapsefree survival by multivariate analysis in the gastric carcinoma patients.
Discussion
In this study, we have examined the immunohistochemical expression of DBC1 and SIRT1 in human gastric cancer and its prognostic significance. This study has shown for the first time that (a) a high proportion of gastric carcinomas expressed DBC1 and SIRT1; (b) expression of DBC1 and SIRT1 was significantly associated with unfavorable clinicopathologic variables such as high serum level of CEA, high clinical stage (stage III and IV), lymph node metastasis, and advanced tumor invasion (early gastric carcinoma versus advanced gastric carcinoma); and (c) expression of DBC1 was associated with a significantly shorter survival in gastric carcinoma patients. Expression of SIRT1 was also poor prognostic factor of gastric carcinoma by univariate analysis. However, SIRT1 was not an independent prognostic indicator by multivariate analysis. It may be due to high correlation between DBC1 and SIRT1 expression. Taken together, our findings indicate that DBC1 and SIRT1 may be involved in the progression of gastric carcinomas and are significant prognostic indicators for gastric carcinoma patients.
Several previous reports have shown that SIRT1 is involved in cancer resistance to chemotherapy and ionizing radiation (30, 31) . Our recent report also showed that SIRT1-expressing diffuse large B-cell lymphoma showed a significantly low complete response rate to chemotherapy compared with that of SIRT1-negative diffuse large B-cell lymphoma, suggesting that SIRT1 is involved in the resistance to chemotherapy (16) . Moreover, SIRT1-deficient cells are more sensitive to chemotherapeutic agents (31) , and inhibition of SIRT1 function induces growth arrest or apoptosis of human cancer cells (32 -35) . Therefore, SIRT1, in addition to serving as a prognostic marker, may also provide a target for a novel therapeutic approach for gastric carcinomas.
SIRT1 was initially been thought to represent an exclusively nuclear protein (36) . However, partial or temporary cytoplasmic localization was observed (37) , and a recent report has shown that the cytoplasmic localization of SIRT1 seems to sensitize cells to oxidative stress -mediated apoptosis (38) . Therefore, when we separately evaluated cytoplasmic SIRT1 expression, 74 of 177 cases showed cytoplasmic SIRT1 expression (weakly positive, 40 cases; moderately positive, 27 cases; strongly positive, 7 cases). However, there was no prognostic significance of cytoplasmic SIRT1 expression (overall survival; log-rank P = 0.712).
DBC1 promotes p53-mediated apoptosis through specific inhibition of SIRT1 by directly binding to the catalytic domain of SIRT1 (17, 18) . When considering the possible roles of SIRT1 in tumor development and progression, DBC1 may play an antioncogenic role. Therefore, it has been suggested that loss of DBC1 would result in the inhibition of cell death and promote tumorigenesis (17) . However, our study showed that DBC1 expression was positively correlated with SIRT1 expression and that DBC1 and SIRT1 expression were significantly correlated with advanced clinicopathologic factors of gastric carcinoma and poor prognosis for gastric carcinoma patients. In agreement with our findings, recent DNA microarray data sets revealed that DBC1 is up-regulated in urothelial carcinoma of the bladder (20) , uterine cervical carcinoma (22) , head and neck carcinoma (22) , renal cell carcinoma (21) , and breast cancers (23) compared with normal counterpart tissues. Among the malignant tumors, endometrial carcinoma, gastrointestinal carcinoid tumor, colon carcinoma, prostate carcinoma, ovarian carcinoma, and uterine cervical carcinoma show higher expression of the DBC1 gene according to the Oncomine database. DBC1 expression was also higher in metastatic breast carcinoma than in breast carcinoma at the primary site (23) .
The reason why the expression of DBC1, suggested as a tumor suppressor, is associated with advanced cancer characteristics is still an enigma. It may be due to an accumulation of immunohistochemically detectable mutant DBC1 or to downstream functional defects despite the presence of normal DBC1 protein. Alternatively, because DBC1 directly binds the catalytic domain of SIRT1 and inhibits its deacetylation activity (17, 18) , DBC1 expression might be increased to compensate for upregulated SIRT1 activity. The results of our study that SIRT1 expression was significantly correlated with DBC1 expression supports the contention that DBC1 is up-regulated to modulate SIRT1 activity. Another possible explanation of our results is that DBC1 may have a role in tumorigenesis, in contrast to the other studies that say DBC1 is a tumor suppressor. This hypothesis may be supported by the observation that DBC1 collaborates with the estrogen receptor to suppress apoptosis and promote hormone-independent breast cancer cell growth (39) . However, studies on the exact role of DBC1 have been very limited, and therefore, further analysis of SIRT1 and DBC1 expression in cancers is required to identify their mechanism of action and to determine whether SIRT1 and DBC1 have important roles in carcinogenesis.
The p53 protein is a key regulator of cell cycle progression and apoptosis. During tumor development, up-regulated SIRT1 allows cells to bypass apoptosis and survive DNA damage by deacetylation and inactivation of p53 (12, 14, 15) . Therefore, we have examined the possible correlation among SIRT1, DBC1, and p53 expression status. In this study, expression of p53 was significantly associated with SIRT1 and DBC1 expression. Of p53-positive cases, 100% and 93% showed SIRT1 and DBC1 expression, respectively. Therefore, we suggest that SIRT1 and DBC1 may have a role in the Recently, EBV-associated gastric carcinomas have been shown to comprise a distinct clinicopathologic entity of gastric carcinoma with a better survival (40, 41) . However, our result did not show prognostic significance of EBV infection. In addition, there was no correlation of EBV infection with DBC1 or SIRT1 expression. Fig. 2 . Survival analysis in gastric carcinoma. A, overall survival and relapse-free survival in high^and low^clinical stage groups. B, relationship of DBC1expression to overall survival and relapse-free survival. C, relationship of SIRT1 expression to overall survival and relapse-free survival. P values were determined by comparing survival distributions using the log-rank test. Variables considered in the analysis were the pretreatment serum level of CEA and CA19-9, tumor stage, presence of lymph node metastasis, tumor invasion (early gastric carcinoma versus advanced gastric carcinoma), venous invasion, EBV infection, DBC1 expression, and SIRT1 expression.
In conclusion, a high percentage of gastric carcinomas showed expression of SIRT1 and DBC1, and SIRT1 or DBC1 expression was associated with unfavorable gastric carcinoma characteristics and poor prognosis of gastric carcinoma patients. Although the role of DBC1 and SIRT1 in tumorigenesis is not clear, our data suggest that their expression is a clinically significant prognostic indicator for gastric carcinoma patients.
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